NOTICE 


THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 



NASA Technical Memorandum 81633 


(NASA-T£1-81633) NASA HESEAfiCH IN 
AEttOEBOPULSXON (NASA) 24 p lIC A02/HF AOl 

CSCL 2 IE 


Ji . 


r ■ } 

NASA Research in Aeropropulsion 


Warner L* Stewart and Richard J. Weber 
Lems Research Center 
Cleveland, Ohio 


Prepared 'for the 

Twenty-si}tth Annual Internationa] Gas Turbine Conference 
sponsored by the American Society of Mechanical Engineers 
Houston, Texas, March 8-12, 1981 


N81-13056 

UncXds 

2941)6 


mh RESEAKCli IN AEHOPROI^^USION 


W^rnar It unci Hiah«rU Ji 

Nutioniil AeronAucUfi #mi SpAC# A(lniniAtrAl;ipn 
Cievc»iAnd, i)Ho 


INTHODyCTlON COMHFRCIAl ATHFRAl-T 


Th^ oC NASA tu %\w lli'hl of 

nautic^ jiro around thruu broad objaetlvuMi 

auoking to maintain and Improve a mii^ * uennomi^- 
onJlv vlabloi inwlvonmontuHv aeeoptablo air u«mB« 
IHvrtntXou H.yatrm livcludlng both eommurelal trmmparth 

mul avintinm a#doiul» huiplnn to atrouHtbon 

UiS. induatry in an ora of dmUenglnR lutuinatlmval 
competitioni mu! thirdi ountributlna to the* nviatiun 
capabiUtioa of all tUriH' mUitarv Borvleea. NAFA, 
of cinitBCj dooH not doainn or operate nuoh aim’nftj 
ita rolo in to porfoimv roaoaroh and ti^ehnologv 
aetlvltioii that will unablo Industry tu build iw“ 
proved velUciuHi Propylnionf as one of the kev 
tlomeuta of an aircraft, i& the aubjeet of a major 
part of thla research* The tewls Heseareh Center 
\\m t\w reaponaibillty within NASA for advancing 
aeropropulniou technology, and the emphaaia in thin 
paper la, therefore, placed on Lewin activities. It 
ahnuld be noted, however , that other important 
propvtlaion'^relatcd work la also performed at ocher 
NASA centers ie.g.,Xangleyia active in inlets and 
scramjeta) ♦ 

the first portion of the paper reviews re- 
presentative R&T activicien that are focused on 
various vehicle applications (Fig. 11» In each caae 
one or mare relevant propulsion progriims is diH- 
cussed as an example of a contlivulng effort to im- 
prove factors like efficiency, emissions , perfonnancai 
cost, etc* A second section will discuss mm iiuer-* 
es ting new technologies that have broad application* 


Jiub^infe 

^ Consider lYrst the familiar subsonic airliner, 
such as flu* boning 7U7 shown in Fig* 2* This kind of 
vehicle, with tl^e many moroHuuderu modcla now in ser- 
vice , in the backbone of the coiumerinal air tranH- 
portation system. The availability of short travel 
times and comparativelv modest fares has aflouted the 
way buHineBS Is conducted and, indeed, inflvvencetl the 
shape of our entire contemporary aocietv, 

With the help of increasingly mnre*^product ive 
and more-ef ficient aircraft, the airline industry has 
expel i ‘need enormous growth , Nevertheless , at the 
presmU time, new urgent demands on airplane technol^ 
ogy arise from two aourceB--environmental prvtaetlon 
and energy, 

In the ©nvii oilmen tnl area exhaust omissionB 
control has long been a najor concern* Howigver, there 
has been much progress mid, at present, it la not 
considered a eritical factor, In fact, emissions by 
aircraft are a very small factor in the context of 
the total pollution scene within the country. On the 
other hand, the noise generated bv aircraft is not so 
easily dismissed. 

The problem of aircraft noise has been with the 
commercial Bector for quite awhile, and is aggravated 
by more Irequent flights, mote powerful jet engines, 
and more residences in the proximity vf airports » 
Incrcaainglv inilitaut objections are being expressed 
by the affected citixena, Tiiese objections have, to 
some extent, limited the growth of the civil aviation 
sector and are expected to continue as a major in- 
fluence, Some communities have set curfewH on air- 
porta at night, Others have diaallowed the buildi^^^ 
of new airports, aecause of constraints such aa 
these, the eifective use of aircraft is inhibited and 
commercial inveatmmit In new aircraft that could emerge, 
such as dedicated airfreighters, has been discouraged. 
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In tn t\xi» KA8A hm Imil 

nui«invu« prng^nniii ultintd nt ii*4uciug ih« nnl»^ 
guniJviit^a hv Foi tuummiv, t\w 

pioliU'Ki lulH biuni itiU In receni ynni ii by Uh* 

HUin'HHlvi' Ui'VH'lnpmnui ill Itiw« UvpaHH rnt In, «ni| liuii, 
high*‘bvp^i^»(i*^r#itUi tnrHitnn«. Althnuglv ibe in*lnntvmi 
motlviiilim livr i\wm m^inm wnn Untt^r 
thnv Him inlu^r^nl^lY bv C0ntyti»t> ihn 

Mn 0«gl!H»«, which i\m mili in wldn^ptead naai 
BiHnu <^g|i(^cinl)y objiictioiuiblei Congi?quently, NASA 
%mm\i ymt» ago contlnet«?d thn go-ciilUn! H«fnn pro** 
$tm in Hhviw \m m\ uHlnting coittmcrcinl iniglne (;tn 
fchia mm It wna tim dtftbi which pow«rn ih^ IZh 
iinij PC9 nirpliuu^a) could be quieted by ttiodllying tM 
fiin ftml by ittcnriuvcntting naund^nbnorhing piiinrlnl 
within tie llnw duetn* Pigi 3 la a pictuve of the 
mndiilcil engine m a teat Thla prograurweni 

thinugh n illHlvt activity with Mchtinnell Dougina i 
uaing a \\\m with ve fanned enginea pnivided by Pratt 
& Vhifcney iFig^ A>, The raaulta ahowed that the 
no 1st level could be reduced drauMU ically bv thla 
tuchnlt|uo» In facti thin ta^^hnology in now being 
applied commerciaUv in the oi the DCQ Buper U) 
hyMcDontu lI DouglaA {Pig» SVi Itare than IDO orders 
have been rucolved for thia aircraft, virlch in fiuh« 
BtanUalls^ quieter than ita pfedeco^^aonif It mm 
a derivative of the Kef an engine that Ir being 
produced bv Pratt h Whitnev. 

Many other programs me umiervav m part of 
KABA*a continuing effort to develop technology that 
will aid in lurtlier reducing the atreraft uoiae* 

NASA recagnired aoittctime back that the higf\ 
cost and limited nvuUabtUtv of fuel repreaent 
critical threatH to the vlalullty ol the commercial 
air transportation indnatrv» One approach being 
ntudied i« to modify thu engines m that they can 
utilire luela whoae properties are not so tightly 
npeciiledr This would broaden the aovircea of aupply, 
poaaiblv even including nonpetroleum sources such as 
sfiale oil or coaU but the major thrust of the NASA 
proBvam is to reduce the eonaumption of fuel by the 
angtnea* the principal activity in this area, known 
as the ACEK (Aircraft Energy Efficiency) program, 
was started about 4 years ago and is directed at 
possibly cutting the fuel use of cbeBu transports by 
a factor of twot yuere are three malor propulsion 
pans of that program ins indicated in Fig* 6), Thu 
near-term activity is ealled the Engine Component 
Improvement program (ECX) and is dlreetud at doriva- 
ttve varaious of the present generation of snglnea» 

The Energy Efficient Engine in a mid**‘torm program 
with porhapH as much as an IS percent fuel saving. 

The long*’ term program promiaea a fuel saving as much 
as do percent or more with an Advmtced Tnrbopropi, 

The cited fuel savings are relative to current 
engines installed in subaonlc aircraft and f lying on 
a mid-range mission* 

The near*^ term EdX program imuilv^^ 
engines manufactured by Trait Whitney and by 
General Electric, who provide the majority of the 
engines for subsonic tranaportsi The engines are the 
JT80, JT91), and EFb, the latter two being the tneinea 
thst power the large wlde»-bodled jetar The objective 
here is to make modificaciona within the engine that 
do not ruprosent major nhan^os in the design but that 
could reduce the fuel oonaumption by up to S percent 
(which is higbly significftni to the airli^^ 
operators) t Example techniques include tightening 
up the clearaivcea within rotath^^^ parts, reducing 
the amount of cooling air, and atodilying the design 
of some eomponenrs to improve efficiency, Thin pro^ 
gram is nearing completion and has been deewtnl by 


ihe total industry, including the airlines, the ragine 
manutactums, and tt»e airtrame manufaclurers, to be 
lagUlv successlul* Many of the concepts that were 
idem il Jed and explnred In this pingram alremlv are 
luring Imorpoiaied Into the piodurtlnn enginesi 

TIte ttad-^term program Is the Energy ifiieient 
Engine (Fig. I). these are major contract efforts 
wUh both Frati h Whitney and t*eneral Electric. The 
total program is about $d00 millioui involveH 
laying out tbe technology for the neat genefation ol 
engines that would be developed in the mid to late 
IbbO'n, The technlquea that provide the potential 
of attaining the 18 peroent fuel redMOtion as tom- 
pared with present engines are multifold. They 
include higher cycle pressures (as high as 40 atmos*^ 
phnreg, cowparinl with 20 to 30 atmospheres In preient 
engines), substamially Improved components i higher 
temperature hot**end components, bvicIv additional 
compoiiienta as mixorsi ample use of compoaites thrsvugh'« 
out the engines, Jidvanced control systems which will 
allow tlm engine to be tuned throughout its fligltt 
path, and the like. Fig, 8 shows the engine designs 
thru Uiivc rvolvcii. This flve**year program is present* 
ly at ita midpoint. Progress to date has been very 
satisfactory I 

The third clnmcu?:? which 1 h the long*term, high* 
risk program, la the Advauved Turboprop* Tbs ebj ac- 
tive hero ill to explore what one wight be able to do 
l>y going back to propeller s^Rtemi wblch have a much* 
improved propul »lvn efficiency compared with turbo* 
fan systema. The principal challm\ge is to develop 
the technulogv li^at might allow such propeller 
systems to be uliHxed in an aircraft that could 
ivperatt? in the samr altitude and speed range as 
present mibsoivic jets. The type of propeller te* 
nulrcd to pruvlde this capabiXlty is quite different 
from those of the past (Fig* 0)V Noteworthy ig the 
large number of blades used so that the diameter is 
moderate, deapite the low air density at high 
altitudea. The blades are very thin and are highly 
8wept V This sweep is used to mnintaln a high effi** 
cioncy in the tip region where local Mach numbers 
become snpersonic* It also serves to lower the cabin 
vioise level, as propeUers are inherently noisy from 
a passenger standpoint. 

The initial phases of this program have estab- 
lished timt the aerodynamic parformance of the blades 
Is quite acceptable, However, there ate still many 
probleifts of structures and aeroelastlcity that must 
be addressed in larger siRes, The model shown in 
Fig, 9 is only 2 feet in diameter, whereas the fwXl* 
scale propellors would be In the 10** to lS*foot range, 

gumirsonle Transports 

’^^^ovTs^leFVow a’mvich h of 

conwK»rcial ttr^aspoveation, the supersouie transport 
(Fig, 10) ♦ The appeal of this t/r?n of airoraft to a 
sizable portion of the traveling public has been 
demottatrated by the Anilo-French doncorde. However, 
it auffors from several problems that resvilted In 
this country not undertaking the development of auch 
an aircrafts noise and fuel economy, Also, overall 
alriUanc economics are iiuestio^^ Nevertheless, 

Congress has deemed it important for this country to 
continue research in the area of supersonic transports 
so that, shovild a decision ever be made to esibark on 
its development, the technQlogy will he there, 
Accordingly, NASA has a continuing program ditected 
at technology for supersonic transports which 
includes materiaXn, Btruetures, aerodynamics, and 
propulsion* Propulsion Is obviously the key Ingred* 
ient for such a hlgh*thrust vehicle as a supersonic 
airplanr. 


The 4iv«ir8e ot n civilian $$ti 

auch m low aol^ai good afflolancy at aubapnlo eon-» 
dUionH» and outBtandiitg offieleney at auporaonJc 
condltlona, foree the deaignar to conaldor a variety 
of aUernacive engine An approach that i» 

presently repelving tnueh iittentlon la the varlahle 
cycle or;lna» The Teature« of a variable cycle 
engine arr m followas during takeoff, aubsonlc 
Cllgjiti and landing, the engine would operate like 
a turbofan, bneauae the jet voloelty would be low 
and hence the noiae wow Id bo low, During auperaonic 
flight, It would oporato like a turbojet to give the 
very high jet veloeitiea needed for efficient opera- 
tion under auperaonic conditions, Hence , theie in 
interest in devices that are capable of changing 
their niodes of operation to best suit the needs of 
each part of tha flight, 

M$h has major analytical and experimental pro- 
grams enderwsy with both Pratt & Whitney and iienoral 
glectrH' to study various concepts for variahle 
cycle engines » breadboard engines are being used to 
examine some of ttie unique components and technologies 
required. 

Pig, IX shows such an engine on the test stand. 
The features of this tJeneral Electric engine include 
iucernul valving, in order to shlit the flow irum 
one mode of operation to anutherj and tuiltlstream cKlt 
jets (at least two streams) with the velocities 
adjusted to minimise noise, (incidentally, at tlie 
right of the picture may be seen a Laser Doppler 
Velocimeter (LDV) instr» meiu which is used to 
measure the velocity in the jet plume emerging from 
the engine* This will be mentioned again later in 
the paper,) 

COmiTPR AIRCRAFT 

The final coimuercial transport category to be 
discussed is commuters. This term reiers to mnaller 
aircraft that can carry dO to 5u passengers, They 
are almost entirely turboprop aircraft, such as the 
one shown in Fig, 1^, The eurrent increased Interest 
in cominuter aircraft has been the result of the recent 
deregulation of the airline industry. This has per- 
mitted the certified trunk carriers to tflthdrav from 
their leas profitable routes, often leaving little 
or no service to many smaller cities. In their place, 
the commuter airlines have sprouted, offering 
frequent depfurtures in snialleri more-economical ait*- 
craft, NASA is looking into what teclmologies might 
be useful to the newly important conunnter aircraft 
industry, As a starting point, broad studies of air- 
planes and the associated propuliion systems axe 
being performed for typical commuter missions. Fig, 

13 shows some of the unusual configurations that 
have been evolving from NASA-aponsored studies with 
industry. Notewortijy is a general tendency to put 
the propulsion system toward the rear of the aircraft 
so that the noise and vibration of the propellers 
would not be transmitted into the cabin. One con- 
cept uses pusher propeilersj others use the standard 
forward configurations. Unusual wing arrangements 
and the use of canards are also being contemplated. 

The technology needs for this kind tvf aircraft 
are still being studied. If approprlnte, NASA will - 
initlnte a major program In the future, 

GENERAL AVIATION 

The next part of this paper deals with the 
subject of general aviation, which Is an extremely 
important part of civil aviation. In fact, aircraft 


sales and passenger carriage approach those of the 
commercial sector. There are many wore uiVQmft on 
the general aviation acene, with about 85 percent of 
these being uaed for buainess, Despite the popular 
impress ton, recreational flying is only a small 
portion of the tetai, Thus, general aviation truly 
is a vital part of our total transportation syatew* 

General aviation is faced with ptoblews similar 
to those of eowmarclal aircraft j 

(1) Safety and reliability 

(2) Enviroiwnt 

(«) Conummity noise 

(b) Cabin noise and vibration 

(3) Fuel 

(a) Aviation availability 
(h) Consumption 

Safety and reliability head the list In recognition 
of the poorer record of general aviation as compared 
with the contmercivjl transports. NASA is involved in 
several programs to try to improve that situation. 

Tlu‘ second and third items are repetitions of the 
same sort of problems afiec ting the commereial sectori 

With regard to conattunlty uoise, although these 
small airplanes tend to be relntivoly quiet, they also 
frequently operate from small airports in suburban or 
rural areas where the natural noise level la low and 
where this additional noise source is especially 
objectionable. In nddldan to the conmmnity noise, 
pasaengers and crew experience a lot of noise and 
vibration particularly In the smaller aircraft. 

(Any reader who has flown some of the small pis on- 
engine aircraft Is imniliar with these defects.) 

Fuel shortages are of particular concern to 
general aviation because its image of being a frivo- 
louvH energy consumer makes it suscoptlble to diversion 
of iuel to supposedly higher-priority users* Further- 
more, it relies heavily on aviation gasoline, which 
represent s such a limited market; to oil refiners 
that they can be tempted to drop production during 
criKos situations; this did occur recently. 

There are many types of aircraft that fall 
within tne broad category of general aviation. For 
the purposes of this paper they can be conveniently 
categorized by engine type (Fig. I/O. Many of these 
aircraft operate with Intermittmvt combustion or IG 
engines (i.e., piston engines) , Of the larger 
general aviation aircraft quite a few are turboprops. 
the iairly large number of high-apeed, high-altitude 
aircraft known as executive jets are powered by turbo- 
jet or turbofan engines. NASA-Lewis is looking at 
the needs of each of these engine systems . 

Fig. 13 shows one of the Lewis test aells with 
a piston engine installed. In general, the experl- 
meots are directed toward achieving a better under- 
standing of the fundamentals of combustion In these 
kinds of engine systema, and trying to determine 
techniques to reduce the fuel consumption as well as 
reducing emissians, 

Additlonallv, alternative engines are being 
studied that might have an advantage over the current 
piston engines. For example, diesel engines are 
being looked at rather carefully (Fig. 16). Current 
diesol miglnes are too heavy* but recent studies have 
shown that advanced technologies such as ceramic 
piston heads and svibstantlal turbocharging can reduce 
the weight of these engines significantly. If the 
weigh t d 0 es come d own , 1 1 le s u peri or fuel economy of 
a diesel cycle can be exploited. 


AniHh^r tM 

foUtv It tlit piHtinlifil iif 

op«»riUU»iu ami lairlv Im weight:* 

H^^*^ i‘r alM» vimt Inning U»* Nimlh^N nf lurUlru* 
i’ngtnv^i im inUiiig an iiui* tlig Invrr |H?wg) 

rang** tvgt*al ni piatnmi m veil ai# iisiunvewimt of 
the anwevhat larger turbine engines that are rurtaut^ 
Iv vraril in the executive (Fig* lf)» A rectmtlv 
eo®pletfd pregrati* called QCiJAT (Quiet* Clean Of natal 
Aviatlen turbelau) leaked at the appUcabllity of 
the lechnnlegv el large tranapert enginea ta tbeae 
amller turlmian engines* partieularlv in relntlun 
te nuiae* there were emit tact a put out* one with 

Oarrett AlKeaearih and one with AVCCJ’^lveoming* 
Frellmitmrv aualiuH were followed by the hullding 
and testing of experiaiental engines* Fig* IB ahova 
one et theae engines on a teat atand at hewla for 
evaluation* It \\m about aOUd pmmda of thruat and 
could be uiiied vui cn uirvialt the aixe of a Lear det 
for high^^ultitudei high^-Mpeed operation* It la dra>^ 
WiUlcallv quietet tlum tlve current enginea being uaed» 

KAHA Imi i\\\ extensive program for ilie improve* 
mmt of propeller gystema for many applicationai The 
hlgh«apeed ellorta were described earlier* Additional 
work i» aimed at general aviaiion propolleia, guch m 
the one pie lured in Fig* Id* The goala of muti 
technologv involve reducing the coat of the propellers, 
Improving their efflcimuvj, which can he translated 
dlrecilv Into hu*l consumption, reducing t\w noi^e, 
and reducing the weight* As suggested In Fig* 
iulvanced designs m»iv uUlt?e such iiTchnlquea a$ swept 
hladea or tip* mounted devices called wingleta, which 
have been applied aucccaafullv to aiicralt wtnga* 

CBco, o*q*., Fig* 1I*V , 

KlUTARV AXRFlb\FT 

Ah the nation’s principal U&h agency lor 
aviation, KAdA gcueratea tccimologv that ia applicable 
to militarv im well as civilian aircrait* Some ex' 
amplca of the work arc offered uere, 

Rotorcralt have become easential ingredients 
of the modern mlliury force utruciutc. (Of course, 
thev are seeing increasing uhc lor various civil 
applications ns well*) A probable trend for the 
future is a shift to higher flight HpeedH lor eu«‘ 
banced Invu 1 ne rab i I i t v and pr oduc t i v 1 1 v » Ru c h con** 
c op t a a s t h o X**" win g co nf i gu r at 1 on o 1 Fig * 21 might 
be utilised* One consininence of Ihese cone op Is Is a 
decoupling of the power needed for vertical takeoff 
from that needed lor forward flight. For example, 
the rotor mav be stopped to form a fixed wing, and n 
separate propeller or Inn used for hori;^ontal tlvrust* 

A single propulsion syatem that can alternately drive 
a rotor or a Inn might then be desirable* Convmible 
propulsion syatemH of this nature are now" under studv* 
One approacb that utili^ea gears and clutches is 
aketched In Fig* 22* Wind tunnel tests of an earlv 
vers Um of this device are being plamuHi in a juiivt 
program with PAKrA* 

For still h Iglter sp e e ds and/or I o ng e r range s > 
vortical takeoff and landing (VT0L> aircraft are being 
considered, vfith particular emphaals \>n Navy missions* 
One propulsion concept , out of many that have been 
studied, is illustrated in Fig* 21* Two tandem Inns, 
each with Its owtv Inlet, are employed to obtain higli 
airflow capacity without an increase in Irontnl area* 
Teats of these unique inlets and rnttl^B are being 
conducted* 

Another example ol unusual inlets and noK^les 
is pictured in Fig* 24* In order to reduce radar 
and infrared deieciabi lily , uneonvent tonal shnpes 
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and placementH of these components are being Invastl"^ 
gated for bigU'^perfoimance Air Force aircraft* 

Nor/les with tbrwst**deCUHrtion capability are alan 
bcin,; Invisilgatcd lot enhaured mancuvcrablMty, 

EMFKaiKU TKChNOLlKUbb 

In addition to the vehiclij*»fpvci(ic rdavarch 
described above , NASA malntainH a continuing, general 
program to advance the state* 0 f**thu-*att of all of the 
propulaion«**ralated compananta and discipllnsi 
(Fig, 2T), But rather than to describe them here, 
it is thtv intent of thia auction to comment on somo 
new areas of todmologv^ Thu point haru is that 
several major toehnological advances wore made in the 
|V20’s that are not directly related to, but which 
could have a large Impact on, propulsion* Utilising 
these in propulsion research in the 1980’s could lead 
u> malor improvements across tlie board in the propwi** 
Sinn systems of the 1990*a, 

Three general areas arer 

(1) Advanced materiala and proceaaea 

(2) Computer revolutions 

(1) Advanced electranica and optics 

The major advances that have been emerging in 
the area of materiala Include such thiugs as powder 
met a 1 1 u r gy (wh i c h opens i h e door to a wtio le , va a t , 
new arena of alloys) , single-crystal and direction^ 
a 1 1 V Eol id if i cni t u rb Ine b lades (wVi ich enlnmce t ho 
tempcratuie level of turbine cngineB), and ceramics 
(which potentially offer lower cost as well as higher 
iempcraiure capabiXity)* 

Adyancos lU computfc^ra have been m rapid and 
widely employed that the term ’’computer revolution” 

Is often used* These high*^speed, sophisticated 
”numbev“cruncher” machines enable the engineer to 
solve problems now in the arena of fluid mechanica 
or structures that were Impossible juBt a few yaara 
ago* 

And, finally, advanced electronias, micro** 
miuiiuuri^au Ion, and the devolopment of advanced 
optical tecluvliiucs enable entirely new approaches to 
engine control. In some propvised engines it is 
nccesHarv to control 10 varinblea at once, This is 
beyond the vapabiilty of the conventional controls, 
and advanced control gystems are essentinl to these 
conceptH* 

In another appl lent ion these electronic and 
optical improvements open the door to advanced in*^ 
strumentation that allow the measurement of flow 
through such nuiving components as turbincH and 
compresaors, without leaving to Insert physical probes 
that could disturb the flow by their presence* 

goveral figures are offered to illustrate each 
of these emerging^tcchnology caingoricst 

Fig, 2b shovH one application of ceramics. By 
placing a tliln, inaulating ceramic coating around a 
turbine blade, the combust ion temperature of the 
cycle can be increased, which is very desirabloi 
without any deletenouE rise in the metal temperature 
of the blade. The key enabling technology is the 
bond coat botwoen the base metal and the external 
ceramic* Aa the technology of bond coats evolves, 
ceramic coatings will he applied to all hot seetlons 
of engines* 

Another example is in the computer area. As 
shown in Fig* 21 high speed computers allow visual- 
isation ter/hniques that accurately predict the flow, 
including the boundary layer, through subsonic ducts 
Vector analysis can yield pictures of erosB flows 


within duett* Cnntswt ni md ttmp^rntur^s 

e »in he enmini t ed . * "Titr wh lU n m iM n { *i 4 v*mi e eil Hi i u i - 
iiiiTN And Uu' i»rvduu»»n «»l vihtaium** ntnl inuiiral 
in»4m.Uvii^H m\d m IvitUi ih \mi n|H*nln^ w nniug 
thi» n^w iiKvl* 

The third nrea mt^nuontnl mu eU'ctnnvien nnd 
ehtict* Fig* 4H i» a ivietur^ af the jirevlnutlv 
<nentinntd lOT ayaiirtt being uned here tn wen«ure the 
Hew within g rntttsng entenUe witlunit hnving to put 
It nruhe Thin nnnnbtrinjive technique la can* 

aidered a hraakthvnugh In h*>w ana can wenture what 
in gaing mx within theae ivipUeatcd taachlnea* 

nuM mimB 

Thin paper \m reviewed mm af the prahieraii 
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figure 5 • The \fcDonnell OouqUt OC-^ Super 80 



HI 


• MED RANGE 

MISSION 

• SAVINGS RELATIVE 

TO CURRENT 
ENGINES 



ADVANCED 

TURBOPROP 

lATP) 


FUEL 

SAVINGS. 20|- 

% 


EI^RGY EFFICIENT ENGINE 


I0h= 


O' 


CS -79-2293 



i . 

1980 


ENGINE COMPONENT IMPROVEMENT 
(ECU 


■ 1 L I 

198S 1990 199S 

TECHNOLOGY READINESS DATE 



Figure 6. - ACEE propulsion protects. Protected luei savings 
and technology readiness dates. 
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Figure 14. • General avialion. 
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f K)urf Z2 * Helicopter convertible propulsion system. 
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F iqure ?3. - Representative lined nacelle VTOl aircraft. 










Figure 2fe. - Thermal barrier coated turbine blade. 




